24 Changing environmental conditions, including those caused by human activities, reshape 25 biological communities through both loss of native species and establishment of non-native 26 species in the altered habitats. Dynamic interactions with the abiotic environment impact both 27 immigration and initial establishment of non-native species into these altered habitats. The 28 repeated emergence of disease systems in urban areas worldwide highlights the importance of 29 understanding how dynamic migratory processes affect the current and future distribution and 30 abundance of pathogens in urban environments. In this study, we examine the pattern of invasion 31 of Trypanosoma cruzi-the causative agent of human Chagas disease-in the city of Arequipa, 32 Peru. Phylogenetic analyses of 136 T. cruzi isolates from Arequipa and other South American 33 locations suggest that only one T. cruzi immigrant established a population in Arequipa as all T. 34 cruzi isolated from vectors in Arequipa form a recent monophyletic group within the broader 35 South American phylogeny. We discuss several hypotheses that may explain the limited number 36 of established T. cruzi lineages despite multiple introductions of the parasite. 37 Author Summary 38 Human-associated pests and pathogens, who benefit from the abundance of humans and human-39 associated hosts or vectors, commonly invade environments altered by human activities. As the 40 number and size of human-disturbed environments increase, so does the importance of 41 identifying ecological and environmental factors that affect the probability that disease systems 42 immigrate to, subsequently establish populations in, urban environments. We examined the 43 number and timing of immigration and establishment events of Trypanosoma cruzi, the causative 44 agent of Chagas disease, in a currently endemic area. Phylogenetic analyses of 136 T. cruzi 45 isolates suggests that the current population descended from a single, recent immigration event. 46 We discuss historical and ecological hypotheses that can explain the limited T. cruzi diversity in 47 this region. 48 Introduction 49 Habitat alterations are transforming biological communities worldwide [1-3]. The current 50 and future geographic distributions of many species in disturbed environments depends upon 51 their interactions with novel biotic and abiotic features during immigration and while 52 establishing a growing population [4]. Although many species fail to establish thriving 53 populations in altered habitats, others are well-suited to migrate to, and prosper in, these novel 54 environments. For example, several populations of plant [5-7], insect [8-11], mammal [12,13], 55 and bird [14,15] species are severely diminished or suffer local extinctions in recently urbanized 56 environments [1], while several microbial species benefit from the abundance of humans and 57 human-associated hosts or vectors in similar habitats [16]. Although conservation efforts have 58 focused primarily on the impacts of environmental changes on native plant and animal species, 59 establishment or population growth of disease-causing microbial populations can have a strong 60 negative impact on populations of native flora and fauna [17] in addition to their impact on 61 human health and economy [18]. The rate or impacts of invasions of infectious microbes may be 62 mitigated through public health programs based on an understanding of the dynamic processes 63 determining immigration and establishment rates. The regularity at which disease systems are 64 emerging in many urban and urbanizing areas underscores the importance of understanding how 65 disease-causing microbes migrate to, and establish in, urban environments [16], one of the most 66 dramatic examples of habitat alteration [19,20]. In this study, we examine the patterns of 67 invasion of Trypanosoma cruzi-the causative agent of Chagas disease in humans-into the city 68 of Arequipa, Peru. 69 Invasion of a new environment by a pathogen occurs in three stages: (1) immigration, or the 70 movement of an individual to the new environment; (2) establishment of a population via 71 reproduction and population growth; and (3) local dispersal [4]. The many studies focusing on 72 outbreaks of disease systems have generated a wealth of knowledge concerning factors affecting 73 population growth [21,22] and considerable progress in understanding local dispersal [23]. For 74 example, prior studies concluded that human-created containers increase the abundance of 75 standing water that provide breeding habitats for the mosquitos that spread dengue virus [24].
Results

95
The maxicircle sequence is useful for population genetic and phylogenetic analyses because 96 it is conserved among diverse T. cruzi lineages and is likely non-recombining [32] . While there 97 was substantial maxicircle sequence diversity among samples across South America, almost no 98 diversity was observed among the samples from Arequipa. Over 13% (2055/15367bp) of the 99 maxicircle sites were polymorphic among all 136 samples while only 16 sites were polymorphic 100 (0.1%) among the 123 samples collected within Arequipa (Table 1) . Similarly, estimates of 101 diversity among the samples from Arequipa derived from population genetic statistics were 102 substantially lower than the total diversity across all samples (π=6.8*10 -5 vs 8.18*10 -3 ; 103 θ=1.93*10 -4 vs 2.44*10 -2 ; average pairwise distance 1.04 vs 126). In contrast to the limited 104 genetic diversity within Arequipa, other locales from which multiple isolates were sampled 105 contain substantial genetic diversity among limited samples (N<3; Fig 1) . Fig 1) . Several non-exclusive hypotheses may 155 explain these results, including a low immigration rate, that immigration is common but 156 immigrants rarely establish populations as a result of the low transmission rate between hosts and 157 vectors, or that there is a high turnover rate among T. cruzi lineages.
158
Successful invasion of a novel geographic area is a function of the rate of immigration, the 159 temporal duration that a habitat has been suitable for establishment, and the probability that an 160 immigrant can reproduce and establish a population. The influx of humans and associated 161 products and domesticated animals into Arequipa over the last ~60 years due to rapid 162 urbanization and economic growth [25,34] has provided many opportunities for T. cruzi 163 immigration. However, many migrants to Arequipa come from areas in which they were not (Fig 3) .
237
T. cruzi was isolated from vertebrates (N=8) using an adaptation of an artificial feeding 238 system that was originally described in Harington (1960) 290 Assuming the sample from 123 infected T. infestans is representative of the T. cruzi population 291 in vectors in Arequipa, the probability that a distinct lineage could be co-circulating but not 292 detected by chance can be calculated using a binomial distribution. The minor lineage must 293 constitute less than 2.41% of the total population in order for there to be a statistically significant 294 chance that a distinct lineage was not detected in any of 123 sampled T. cruzi. 
